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ABSTRACT

Cockroaches produce sounds by rubbmg the abdomen -
agamst the wings, tapping the substrate; striking. the’

wings against the abdomen, expelling air through the. spi- -

racles, .and scraping the pronotum over the- costal veins -
(stridulation). Some of these sounds-are made by both
sexes when the insects-are “disturbed” or by males whenh
they’ court.

pothesrs is presezlted that str1du§at1ng structures in the
Oxyhaloinae first evolved, in both sexes; on those parts of -
the pronotum and tegmna that. were rubbed together dur- -
ing struggling ‘movements made when the insects werée

- seized by a predator; -originally the sound produced, after

Two methods of sound production; namely, .

striduiation and expulsion .of air through the second ab-

dominal- spiracles, have evolved in the Oxyhaloinae.. Stri-
dulating structures-have heen found in several genera of
the. ovoviviparous. Oxyhaloinae. (Nouphoeta, Leucophaed,
Henschoudetenia, Oxvhaloa, Jagrehnia) and 1. genus of
Panchlorinae ' (Panchlora) of the Blaberidae: The hy-

stridulating structures evolved, may have had a defensive . '

function. Stridulation by males during : courtship. has so
far been cbserved only in Nauphoeta: cinereg (QOlivier).
Various behavior patterns of males: of differént blaberids -

_suggest that vibratory and pumping movements, possibly

employed to disseminate a pheromone, led to the produc-
tion of rhythanical sounds in- N, cmerm which may have

: _sexua_l meanmg to ﬂ'lt? female,

: Relativei}.r__li't'tle has be’en'done on soind produc_’tion'

_ studied “the - hissing - apparatus: in
Gromphadorhing, and Hartman and-Roth (1967a, b) .

~ . reported ‘on stridulation’ during courtship behavior ‘in:
Nauphoeta cinerea (Olivier).  In this paper we re-:
 port the results of a study'of sound: produced by sev-

eral spectes of ovovwlpalous cockroaches (Blabe1 i-
dae) S » R i

MA’I‘ERIALS AND METHODS

I‘he insects were reared ‘on Purina Eabor’ltory chow'

Lat 25°-27°C and. 45%--55% ®m. The methods of re-*:

cordmg and’ detérmining sound interisity dre- given:

no effort was made to control the temperature, which
ranged from 25° to 29°C. Wholé mounts of pronota
and. tegminia were prepared- to study the stridulating
stractures, “Darkly  pigmented “specimens’ were first-
treated . with. 10% KO, dehydrated; cleared, and:
mounted in Permount.  The number of: striae - indi-

) expeﬂin'g air thr'oug'h ‘the spiracles,
"in' cockroaches *(Chopard: 1938; Frings 1955, 19567 .
- Kevan 1954,-1955; Dumortier 1963).- Recently, Dy~
-mortier. (1965)

ot (5)

scraping the pronotum over the costal veins (stl idu-

lation). Each of these sound-prodiction methods w1] _

he dlscussed separately

' I S omids naf Assocwfed 'wzth Y pecmltzed Stmctw es

A Rubbing the “Abdomen Agmnst ‘the ngs—'
Main ( 1932). ioted that a species of Blaberis. would .

_make “a:distinct short hissing sound” when its teg-,

- mina ‘were ‘stroked,. Main' stated’ that the: sound ap-

par ently was prodicced when the abdominal segtients

- were. simultanicously. éontracted toward the thorax.

Main was correct in his degcription of the abdorminal

- movement when Blaberus produces sound.: We' have.

- observed that ‘several species of blaberid cockroaches_
in -Hartman and Roth’ (19673, b}.. When recording,; -

prodnce a soind; when" restrained, by extending the

abdomen postenorly and then rubbing-it anterlorly

against the wings. These species are Blaberis: gigan-.

“tews (B.),. B. cranitfer Burmeister, - B. discoidalis

“all belohg- to the Blaberinde. (Table 1). Contrary to . :

cated in the descriptions refers to 1 side of the msect‘-.

oniy, unless otherw1se stated

R RESULTS : - ol
“Many (iockroaches produce sounds; as part of their
one or more of the fol]owing means: (1) rubbing the
abdomen- against the wmgs (2) tapping ‘the “sub-
strate (3 Strlkmg the wmgs agamst ‘the abdomen,-

;-1 Accepted for pul)hcation Senteniher 29, 1965

© . 2Present address: Department of Zoology, Unwerslty of Iowa, ;
Towa City, Towa 52240. )

In general, ‘sotnds are: made by

Sérvilte,” and drchimandrita tessellate Rehn. None
have -a: pronotal-tegmiinal. stridulating apparatus -and. -

Chopard. (1938, p: 286), Blaberns evidently does not
have a pronotal-tegminal stndulatmg apparatus. ' |
The rhythmlc disturbance ~sound -made by Archi--
mandrita is-shown in Fig. 1. This niethod of ‘sound
production s not characteristic of all members of the:

. Blaberinae, since " Fublaberus posticus ” (Erichson),

E. distanti- (Kirby), and. Byrsotria fusiigata (Guérin)
(males), when restrained, did not. rub the abdomen
dgainst the ‘wings to produce the sound, ' Other mem-

- bers. of the ‘Blaberidae whlch apparenﬂy do not pro-
- duce sound . in. this manner are Nauphoeta cinerea;

Leucophaea maderaé (F.), Diploptera punctata {Esch- '
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scholtz), Capucma pamla (Walker), Piwrfmeca pho—

raspoides (Walker), Pycnoscelus suringmensis (L.);
and P. indicus (F) (formerly considered the hisex-
ual form of P. surinamensis; see Roth 1967). '

When courting an unreceptive female, ‘Blaberus

craniifer performs trembling or quivering movements |

for brief periods after contact. These movements

occur in short bursts lasting 1 or 2 sec, with a some~ -
what shorter. rest period between successive bursts.
The tegmina are held slightly off, the abdomen, while.
the wings and/or abdomen tremble vigorously, Dur- "

mg bursts of tremb]mg, a soft audsble “buzzmg

Ta.b]e 1—Spec:es of Blattarla whtch fack stndulatory B

" structures on the pronotum and tegmina.?

BLATTOIDEA.
BrATTIDAE

Blattmae —Blatta " orientdlis: L.; Dm ojbelm erythf 0 -
cephale (F.) (3) Periplancta amemcam (1.); P: ous-.
‘P. brunnea Burmeister; P, fulegmosa:

tralasige. (F.);:
(Serville); P. japomca Karny (&)
Polyzosternnae ~—Eurycotis decipiens (Kn'by) E. ﬁom-

. - dang {Walker) ; Methana ¢onvexa. (Walkeér) | Pelmato—_

szlpha cormcea Rehn Temnelytm truncata (Brurmer)

BLABEROIDEA
POLYPHAGIDAE !

: Aremwga- (Areﬂwaga) Sp.o Arenwaga (P.mmmo- L

blatta) africana L.; A: (P.) cerverae (Bolivar) ; comp-

sodes - schwarzt. {Caudell) Polyphaga a;egy;u‘mm (L) ;

Therea petweﬂana (L yo
BLATTELLIDA.E '.

Aneumm mmdz:s'“(Hebard) (2); Avrawakiia fronmhs_

© . Hebard (&); Balta patula (Walker) (%) B similis
© (Saussure) (9) Burchellia - circumcincia (Remhe and

Fairmaire) (3 ) ;- Ceratinoptera - picte - Brunner. :( ) ;
Euandroblatta, propere. Rehn (%) Eunyctibora: crassi-
cornis (Burméister) (&) Mareting marquesane. Hebard

(&) M uahitka Hebard. (&) v Megamareia' phanerp-

pvga (Chopard) (@) ; Moluchia castanea: (Blanchard).

(2) ;i Nahublattella nahua (Saussure} . { §) ;. Paratem-

'napteryx gustralis Saussure (2 ):; Pseudotky?‘socem Fec-

tangularivittaia’ - (Brutner). {8 ) Svmplocodes  ridleyi

(Shelford) (&) ; Xosablatia nataleams (Reh.n) (2) -
Anaplectinae: —Anaplecm sp.

Plectopterinae.—-Amazgoning_sp.’ 1ov.; Camblatta Intm'

{ Saussure -and” Zehntner) ;. C. wminpinag Hebard; C. sp.
nov.; Chorisoneurg. apolﬂmn Hebard (2); “Déndroblatts
sobrind: ‘Relur; Euphyllodromia: angustata {Latreille)

(&); Euthlastoblatta compsa Hebard: () ;- Latiblaticlla

sp. nov. ( 2); Lophoblatta. arowaka Hebard (@); L, sp:
nov. Neoblattella dryas Rehn and Hebard ( §) ; Onycko—
stylm notulatus (SEAl); Supellg: longwal[)a (F) (for-
merly S. sipellectilinm (Serville] ).

Blattellinae.—Blattelle germanica (L. 7 B. Rusnbertiona
{Saussure).; B. unicolor (Brunner):; Iscimoptem dero-
peltiformis . (Brunner) I. panamae Hebard; I. rufe rufa

{Degeer) ; Parcoblatta bolliana { Saussure and Zehntner) |

{(&); P. pemylwmca {Degeet) ; P.” uhlerianag: (Saus—
sﬁre) {&); P. virginice Brunner. ( &) ;- Pseudomops in-

tercepia (Burmeister) (&); P septentrwnalzs Hebard-.

{ &) ; Showella couloniana (Saussure) Symploce Imspe.r
(Perkms) Xestoblatta immaculate Hebard

Ectobiinae.—Ectobius lapponices (LY (9); E. pallidus
(Olivier) (9); Phyllodramfca (Lnndzblatta) t‘rw:ttata,
{Serville) (&)

Nyetiborinae. — Megalablafta blabermdes (Walker)'

(&) ; M. regina ( Saussure) ; ‘Nyctibora. azteca Saussure.
and Zehntrer (&8); N. lae'mgata (Beauvois} 3‘) N
tez"rastzcta Hebard ( 3 ¥ N tomentosa Serville (& }
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Table 1.—Species of Blattaria® whlch lack strldu]atory ] .

structure on the pronotum and tegmina,” (Continued,)

BLABERIDAE

Zetobormae — Phortiveca phoraspoides (Walker)
Blaberinae—Archimandrite fessellota Rehn; Blaberus

crantifer Burmeister; B. discoidalis Serville; B gigantens: _.
(1L.); Byrsotria fmmgam (Guérin) ; Eubiaberus dwtantw :

(K1rby) E. postucns (Erichson)
Pa.uesthnnae —Pamestkm australis Brunner (3) :
laevicollis Saussure (2 )
- Pycnoscelinae—F ymoscelm mdwm (F. )
Diplopterinae—Dzploptera punctata (Eschscholtz)
. Panchlorinac.—Capucing patula {Walker)

Oxyhaloinae. — - Heminauphoeta hova Saussure and
Zehntner (2 ) ; Oayhaloa deuste (Thunberg) () -
Epllamgrmae —Ataxigamia tater. Tepper (&) ;. Audreia
jomaicana Rehn and  Hebard (2); Laxta gmmcoliu‘ :

(Satssure) (&) ; Lttopelm bispinosa (Saussure) ( 6‘)
Perisphaeriinae. ——Gym'c mpucma Gerstaecker (&)
xcul;&tumta Sheiford ( 3.

aCIassmﬁcalmn prmmpally acaardmg’ to McKlttrsck (1954, and.

persoral communication) and Prinecis (1960).

. P Females of the Polyphagidae listed {except T ﬁetrveﬂaua) lack -
tegmina. and therefore only males were examined. Otherwise, where - -
.. ho sex symbol appears, ‘both sexes were examme(i zmd found. 1o

lack stndu]atary structures

' sound is produced (Barth 1961) It is. p0551ble th'lt-.'_" w

this' sound is- produced- by rubbmg the abdomen
against wings,.

During: courts}up, the fhale of Eublabems postﬁcus'f'_' _
pulses. the. abdomen back and. forth and lifts the o

wings off the abdomen, Both the tegmina and abdo-

men’ vibrate ‘and the male may butt the female with &
his head, The abdomen is curved downward slightly - -
{wings h0r1zontal) and is not much extended during:. -
the pumping: motions ; the tegmina vibrate ‘at about -
the same frequency A not very rhythmical rustling
sound (Flg 2) is. produced We are not certain how h

this sound i$ produced. .
B. Ta;bpmg the- Substmfe —Some spemes of bla—

berids ~ produce sounds by striking - the abdomen™. -
_against' the substrate during courtship, The sound

produced by males of Leucophaca madérae. daring

" courtship is probably the oldest and best documented L

example of a cockroach sound made by tapping : (see

Dumortier 1965). Details of this behavior are given'. w - - -
by Barth (1961) and Roth and Barth {1967). COften
during antennal fencing with-the female; the male of .

L. maderae performs repeated high-ffequency, smafl- -
“amplitude, vertical jerks of the body: the abdomen’
moves: down as the head and prothorax mmove up- -

ward. ' An andible tapping sound may be associated

with this movement,” Vertical vibration occtrs in
bursts fasting.about. 5. sec; though this- apparently.

may’ vary with the receptivity of the female, The

bursts are interspersed with br1ef rest periods, each -

iastzng a few seconds. The wings may be raised up

to 30° off the abdomeén durlng later stages of vertmal:
vibration. 1f the female is receptive, the male’s vi-

brating: movement is usually omitted, and he raises

his wings to an angle of 60°-80° above the horizontal. =
Unreceptive females. may be induced to mount the
.male ‘after: a prolonged courtship invelving vertical
‘vibration .on the part of the male. . However, mating
does. niot-occur even though the female may. feed

s
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- 'ﬁriéﬂy on the' tergél 'glaﬁd.S'ecfétion (Bﬁrfh .1'961-',' h
Roth and Barth 1967). The tapping sound 1s very"

men strikes the substrate. However; the pumping.
rhythm is still audible even though thie abdomen fails
to contact the substrate.. Tn the example illustrated,
the miale was standing’ atop the female and used her.
as the substrate. The tap rate in this case was 7/sec.
Tt is® of interest - that “isolated ‘males may . perform
vibratory moverenits and tap the substrate: e

Theé males of E. posticus also may make 2 tapbihg "

sotnd during. courtship,: appareéntly: when the end of
the - abdomen - strikes . the substrate *However, " the

" vibrating motion is not as marked ‘as in’ Léucophdea.
Barth (1964) obseived Trales of Byrsotri fumigata :
tapping during courtship. " R

C. Striking the Wings Against . the. z'.‘ibd.omen.:——' S

During. courtship, the male of Diploptera punciata
. raises its tegmina and may fliitter its- wings (Roth-.
and ‘Willis 1955, Stay and Roth:1958).: According to
Basth (1961); the tegmina ate puriped up and down

. “while- the- wings”are Mirttered; producing: a. harely.
- aiidible ‘whirring -sound: This display may last sev-
eral seconds and may. be fepeated a number of times,
particularly if the female is' relatively tintesponsive.” .
We have observed this behaviot tnder. a ‘microscope
using stroboscopic lighting and we have also recorded
the - sound, which' is guite rhythmic: (Fig. 5). The

- tegrhina are raised off-the abdometi and held slightly ™
apart; The wings-are not moved- it @ scissorlike:
miotion ; rather, they . remain folded and move up-and -
down, prodicing the sound principally by. striking the -
- abdomien. The fluttering fate. depicted. (Fig: 5)is
about. 20/set. - Cotirting ‘males  whose tegmind have
been removed can $till produce the sound.... .. SRP
. IL:Sounds Produced by

Lo Specialized Mq_rp_h_azogfe:c_u_-_St_mc'_méé' i
AL Spivacular. S ound-Producing Organs-—The cock:

* roaches known' to-produce: sotnd by expelling air

through the second abdominal spiracles are wingléss
forms of the genus Gromphadothina. They are en- .
demic’ in- Madagascar. 7 One: species, G.. favanicd, .
- Hanitsch, was “erroneously - reported tg.- have come.
~ from . Java (Hanitsch 1930}, but'it also is found .in -
 'Madagascar (Princis 1965). Because of the intense,’,
" characteristic ‘hissing sound: produced by fhese- in-

- sects; they are called “blowers” by the Furopeans:of

Madagascar, “Sanda” in Véza'and Mahafaly dialects .
- (Wintrebert. i Dumortier, 1965), and “Kofokofoka”.
- in. the high-plateau: dialect . (Chopard :1950) . The

‘motphology of the tracheal sound-prodicing device .
has recently. been “described and.is present: in G, co-
quereliona Saussure,- G, porientosa (Schaum);and
G. brumneri Butler “(Dumortier. -1965): - We Have:

found. that G.. jovenica and G.. chopardi: Lefeuvre

also produce a hissing sound when handled. SRR

- In G brumiteris (Dumottier 1965)<and. G- parten-

*fosa (Barth 1961), males hiss, in defense of territory,

and the latter hissés when it courts the femnale (Barth
¢ :1961)." The female of G, brunsmert hisses only when .
disturbed (Dumortier 1965), and G. portentose does
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so- particularly if disturbed when young are preserit-
_ ~(Roth and Willis 1960). R R AR
rhythmical (Fig. 3, 4) and is made when the abdo- -
- species: of Gromphadorhing when disturbed. These

Fig. 6-12 are records of hisses produced: by 4

. insects were held about 15°cm from the mictophone, .

~ and’ weré encoiiraged to hiss by the operator’s pult-
ing'a’Teg with a pair of forceps.. The G. javanica
‘thale in’ Fig. 6 hissed at the rate of 2.5/sec, with & -
hiss duration of 240 msec.. The females of G. jovanica -
““do not hids teadily.. L e T 2
. Both sexes of G. portentosa produce disturbarnce -
“sounds readily. Their sounds, shown in Fig. 7 and 8,
-are produced. at a.rate of about 2/séc by the male and -
2.3/sec by the female. The hiss durations:are "3200

msec “and ‘400 méec;: respectively,: and’the intensity in.
- both cases exceeds 65 db. o . B :

. Distarbance sounds by G. brunneri are: shown i’

Fig. 9 and 10; The male hisses at the rate of 1.3/sec;
the “hiss having a 520-msec duration.  The female:
produces hisses at the rate of 1/sec; and the hisses.

have ‘a  480-msec. duration. The -intensity of . these
soiitids also exceeds 65.db. L S
" The G. chopardi male disturbance sounds are’ de-

livered at the rate of 2.5/sec, with each hiss having a

“220-misec duration.. However,: the female ‘does: not- .-
" tiss readily, and when she does; the hisses are not so
“uniformly spaced as in the male (cf. Figi 11 and 127,
B Sound . Production by. Distinctive S tridulating
Structures—Stridulation s loown 1o ‘Geeur in both
séxes of L. indderae, N cinerea and Henschoudetenia.

epilasmproides { Shelford).. The stridulating appara- "

tuses in. Leucophaea and Nauphoeta ar¢ very. simiiar,

and consist of parallel strize on'the: ventral latetopes-: -
“terior marging ‘of ithe pronotiim and on -the dorso-
" proximal regions of the costal wveing of ‘the: tegmina..
- Vosseler: (1907), % ho. first described. the’ stridulat-

" ing ‘apparatus of L. maderae (Fig. 21-24), claimed

“tliat Léucophaea stridulatéd only when captured “or. .
- “frightened.”” . He concluded ' (after. studying dead
specimens) that the sound is produced when the int

sect teihs the pronotum sidéwards against’ the proxi-

‘mal region of the costal veins: In the ‘mdle; there are ..
“about. 50" striae. on. the: pronotum (2 specimens)’ .
“spaced about 4p apart; and between 700rand 900 striae
‘on the costal vein (3 specimens ). -Nothing' is known ',
abont ‘stridulation it this species other. than that they -
* stridulate’ when disturbed. We have not hedrd tliem

stridilate during’ courtship. - -

" Hartman and Roth (19674, b) ‘reported on court-’

“ship stridutation by N . ‘cinerea.” The male possesses -
about 40 strige on the. pronotum  (Fig.. 16-18, 20)
and about'400 on' the costal vein of the tegmesn: (Fig:
'19). The striae on both stfuctures: are- abbut 4p
“apart. Both sexes produce distarbanee sounds. (Fig:
15). The athythmic . disturbance: sounds illustrated "~
‘were made by a male held 3-5 cm from the microphone.:
These niises were. quite lotd,  exceeding - 70 dh; and
'-;ére' the "result of - relatively uicoordinated  lateral -
Upivoting - of the pronotum - across the costal veins... .
“However, the inale produces: a: patterned call (Fig.

13y by coordinated - movements. when it courtsian

anreceptive female” (Fig: 33, 34). This - sound is
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: Fic. 16-32 Studulatmg structures on the pronota, and tegmma of Nauphoem Leucaphaea Hemchoudetenm
and Jagrehnial: ; )
. FIG.: 16-20. —Nauﬁhaeta, cmerm 6‘ {rom I\‘anck culture. 16 right snie of pronotuzn the strine -are located m'- .
bracketed plgmentec[ area, X8.2. 17, portion’ of strize on’ pronotum, X102, I8, portion. of striae on pronotum,
%201, - 19, ‘portion’ of strize on tegmen;. xX291:. 20, ¢ross section of the stride on pronotum, X371, -
Fra. 21-24—Leucoj)haea maderae, -from Natick: ulture. - 21, right side of: 2. pronotum;: stride ate’ situated: m__
bracketed p;gmented area. 22, portion-of striae on ' Q pronotum, XIOZ 23, portlon of striae on 9 pronotum, ><291 !
: ; 24 portion of sfride on 3. tegnina, X291 L
o Te. 235-28-—Henschoudetenia fexivitia 9 from Natick cultuz’e 25 portmn of r1ght 51de of pronotum, ®157
& . "7 striae dre found on bracketed pigmented area. This specimen was damaged so that anterior limit of area covered
by striae is not shown. 26, portion of str:ae on pronotum, ><60 27, portlon of strla,e on pronotum, ><291
.28, portion of striag on. tegmen, X201, .- ’
Fr16. 2932 Tagrehnia gestroiana 9, from Somalia. 28, portlon of strlae on pronotum, ><102 30 port;on of i
ok striae of pronotumt,” X291. 31, portion of striae-on tegmen ®201. 32, ap1ca1 portion of striae on tegmen. near
L reglon where str:ae blend mto ng sculpturmg, X291
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34 Nauphosia cinérea., 33; male (left) priof to stridulating, 34, male: (below

ariterior, and “side-tosside dis- .+ We hav . observed P nivea” nialés stan “and vi-
placerient - of i the’ T

protiotifn . rubbing . against | the brate” their . bodies: hear’ a’ female while “cotrting.

costal veins, ol o Howeveryiwe have been imable ‘to hear; or - tecord

- Guthrie (1966) described the ‘sound’ produced by . any sound: (Hartman and :Roth 19675} ‘thor

. Hepilamproides, 4: species: of ‘cockroach which:stri= . the movements are very similar to those of a stridilat-.
dulates:when it is- disturbed. “The stridulatory” appa- = ing’ mialeof N cinerea, ‘Panchlova irrorati: Hebard -

- ratus is. similar to. that found in Leucophaca, Naw-. performs similar vibratory motions when courting the
phoéta, and: Heischoudetenia::; flexivitia: {Walker) . female " (Willis 11966). 45 a preliminary to ‘successiul .
(see following). " According: to ‘Guthtie, the' §tride ~mating. Both sexes of .. irrorata possess stridulat- - .
are about 5u apart, . The sound intensity Tises to about . ing’ structures’ (Fig: 37,-39). ' A'male had. 26 striac

70 db'and there is. a carricr wave form: of ‘about 5 on’éach tegmen‘and a female had ‘about 30 Very fine” -

* ke/s: ramplitude-modulated to’ form pulses at 12 ke/si: - striae ‘are also:present on the pronotum (Fig 3N
The pulses form chirps of 100" msec’ of longer, and - The striae oni” the' tegmina ‘are not so' well . differ-
are simple:or complex in-structure.: He noted -that “entiated as in P. nivea (cf. Fig.35,736). . © o
the récorded cockroach sound caused wild bank voles -~ A survey was made of museum specimmens’ of Blat-

o rur away, o T ... toidea and other Blaberoidea for the presénce of stri-

Both sexes - of Panchlore wivea (1.) . possess -a dufating structures’ on the pronotum: and‘tegmina.’
stridulating apparattis. The striae on the pronotum . They weré absent in-all Blattidae, Polyphagidae, and
are’ often difficult to sée, and ‘many ‘do not Tun the. = Blattellidae examined, as well as 21 Blaberidae (Table

- full length of the posterior lateropronotal margins 1), but they were present in 3 genera belonging ‘to:
- (Fig: 38).  One male had. 14 striae on one side afid:  the Oxyhaloinae.. | .o 00 L
" .15 on the other; the striations being: about 3u apart.. " - The. striae- on the pronotun -and -tégmina’of the

The rodlike structures (Fig, 35; 36) on the tegmina . Jagrehnia gestroiaia. (Saussure): {Fig. 29-32) . fe-
are arranged just below the costal vein.. One female - male are very similar to those fonid in Nawuphoeta,
of. P: mivea had 50 striae, and & malé had 35, the. Henschoudetenia, and Lesicophaea. The striae on the” -
spacing, in’ both individuals being about- 19p—21p. . pronotum of Jagrehnia differ from those of the other .

ploduced . .by.‘_p.:(.)Sﬁ_éi".i.O}',_

yicven though™ - -~
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- Fig. 35-39, —Strldulatory structures i Panchlora )(485 35 P.nivea Q. from Natick cultare, part of file on 1'1ght
tegmen “ 36, 1P nivea &y part-of- file “on: right: tegmen.: 37, P, irrorate & ; advéntive from- Illmms, part: of file on
r1ght tegmen. 38, P nwea &, ﬁle on 1 smle of prorlotum 39 P m’omm 2, ﬁle on 1 SIde of pronoturn sl
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genera in that they are shorter, run obliquely (cf.

Fig. 29 with Fig. 17, 22, and 26) and are much more
numerous.

“The pronotil: tegnunal structures (Fig. 25—28) of
the female of H.: flexivitia are typ1ca1 of those previ-’

ously described, except that the strize cover a great

part; of - the lateral margins of the pronotum; these.

striae’ exiend: over the anterior as well as posterior-

lateral pronotal margins (Figl'25). The female that_'_' ;
was examined had about 65 strize on the pronotumni;
spaced approx1rnate§y 4. 7p: apart and about 500 strlae .

on the tegmen. -

“The stmdulatmg apparatUS on the tegmma of the'
Oxylw.!oa, species  examined - (Fig. 40-51) - differs
markedly from those previously described. The striae :-'3
occiir in' distinct, separated. patches of ~tubercles or -
. c1ests aloncr slde the proxnnal reglon of the costal'

Veins.:

{ Saussure) had 4 dlstlnct “patches - on’ the left 'side

(Fig.. 40y and 5 on thé rlght side (Fig. 41). The

size of ‘each’ group 6f striae is variable. Two females

of ‘this species were examined.” Oneé had 2: groups of
~ siriae on the left-side (Flg 42,447, the sécond group”
" smailer than the first.” The same number of groups of

" stride are: found ofi: the tight side (Fig: 43; 45) but
the" posterior,’ groip, is: ‘relatively . p001ly developed

Anotlier: feniale aiso had 2 groups of stuae on each .

teginen (Fig. 46, 47 ).

Ano‘rher Oxyhaloa species (probably ]:é'? retf, (Relche'*
On the
mile. there are 2 well-developed groups . of tubercles.
onthe left tegmen  (Fig: 48y -and 3 ‘groups on the
_ right (Flg 49) “The right tegmen of the female has .
“rami-of the wings il Gyna caﬁf TN (Stal) (Bla-- -
beridae:-
" rioise “when " the, insect Alies:.
~gpecies das Gy stmdulam

afud’ Fan‘mau'e)) had stridalating structiwres:

2 groups of tubercles. (F1g 52)-and, as in O. bupre-

stoides; the: sécond: grotp - 1§ smaller: than' the Arst. -
There are no dIstmctlve tubercles’ on: the left tegmen
of this female, but sévetal® pecuhar aberrant patches:

(Fig. 50, 51) are present:

A :female of Oxyhalon deusm (Thunhe1 g) Iacked_.:”'

stridulatifig structires on the tegming:

-~ I hoth: ‘speciesof - Oxyhaloa that had tegmlna,l :

striag, the plonoturn ‘apparently lacks a stridulating
stritcture; but it is: concetvable’ that the: edge of “the: i
" oni the hind ‘wing. radiment and first abdominal ter- . -

: 'pronotum may be used to rub dgainst the tegmen; In
~gite' of - femiales” of " Archiblatta- hoéveis Vollenhioven

N cinereq: the ‘male’ can produce its: courtmg sound

although the pronotai stride are ‘cut.off ;. in. thisiex- «
périmental situation, the: edge of the cut surface of
the pronptum tubs against the-tegnien: (Hartman and’

Roth : 1967b). - Unfortunately, " no- observations “of

sound. produetzon have beety hade on hvmg Oxyhaloa-
" Of the large  number  of “species: and. genera ex-.
amined- that lacked st]ldu]atlng strirctures: (Table 1},
only 2 species had modifications of the tegmina (but
not on the pronota) which ‘were’ suggestwe of ‘striae:,

In'a male of Catara régosicollis (Brunnér)’ (Blatu—

dae) the tegm1nal sculpturing ‘on the basal region ‘of

. the costal vein was ‘arranged to- form faint parallel
lines (rem1n13cent of Nauphaeta etc.). These were

difficult to se& bécause the sirface appeared smooth- -
and the lines may simply be lightly pigmented areas -

(Fig. 53). In both sexes of Gislenia australica (Brun-

SounDd PRODUETION IN BLATTARIA

[The s1ng1e rna]e specnnen of Oxyhaloa bmﬁf’estmdes .
" Baier (1930), suspended ‘a microphone ~ among’ 3 .

'takmg to- ﬂ1ght :
cotld . be: made - by rubbinig | the tegmina’ together. . .
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ner) (Blattelhdae Blattelhn'ae) the ‘surface of the
tegmina alongside the basal region of the costa .is

- wrinkled and somie areas show distinet, ridgelike ele- -
“wations reminiscent of, but not so uniform a3 the file.
inPanchlora spp. These modificationis are more. dis-
» tinet i in the female than‘in the ihale; bt ifi both sexes
“the: size and: number. of (files” vary from’l specimen - ..
“’to the mext . (cf. Fig. 54, 55) and also vaty on the = .~

right- and leff: tegmen ‘of the same specimeén (FIO‘ 543.

.The teglnm'tl modification of Gislenio may represent ' .'
‘avery early. stage in the evolutlon of “stride on the
: tegnnna of some Biaberldae ey : : :

HI S mmd P? oductzo% n Other Blatmrm -

‘N 1th the: excephon of Catam and stlema alE the
cockroaches discussed previously in ‘this. paper belong

_to tlie: h;ghly evolved Blaberidae and. are. ovovivipar-
+ s or- yiviparous: (Dtplaptem) “Almost -riothing i .

known of: sound production in oviparous cockroaches.

group. Sf Blattella, gemmmw (L) and could ‘not’ de—

~tectany’ sound @roductxon

Kleine' ( 1918) was’ awakened by a, sound hke that

produced by: & locust, but not 'so pure. “The only in-
" sect in the Toom. was, Blattfa orientalis L. (Blattidae: .
" Blattiziae). | On andther occasion, he and: an"ento-
- 1nolog15t visiting’ hun heard the same . sound, and

again the only insect ifi the room was thé B. orientalis.
" Rudow : {1870, p.-322). claimed: that Ectobius dap-

pomms (L.) (Blaftellidag:’ Ectobnna.e), wheri“dis-

tuibed, made:a shorf, abrupt; clicking sound - before -
He. assumed that- the same: sound -

Rarny. (in Shelford: 1909} suggested that the ulnar

Pensphaelnnae) can produce a’ -rattling
Karny descr:bed thls :

Accordlng to Skalfe (1954) when the wmgless fe—.

-male of the Afrlcan species Aptera ]‘mcu (Thunberg)
- (Blaberidae) is handled; it makes a squeaking” sound
; by, rubbing the roiighened-edge of ‘1 segment of ‘the
‘abdomer ‘against the surfice of the next segment.:

Karny. (1924) described a. striduating apparatus .

"Since the males: lacked “this structure'
'and ‘young, -

(Rlattidae)
and “small eolomes consist: of “mothers™

" Karny suggested that the ‘sound: is used to keep. the
'__“b1ood” together. . :
“sound it dead feinales: only: by ‘flexing the’anterior.

"However,. Karny- produced the

and hind ends of the abdomen ventra]ly, and hlS con-

._cIusmn is purely speculatwe

We have heard a female of the w1ng1ess Euzo—

*steria nobilis (Brunner) (Blattidae: Polyzosteriinae).

_;'produce a faint, squeaking sound. when held: Slides.
‘were made of the entire abdomen and thorax, But no =
‘stridulating  stfuctures. were found.. The site of -

sound productlon in th1s spec1es is unknown

| DISCUSSION

Two distinét mechanisms for sound. production—
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" F16. 40-47.—Stridulatory structures o' the ‘tegmina” of Ozxyhaloa. buprestoides;” 40, 8 “from Ruanda! Nguda.
“(Chef.) Tert. Nyanza ; part of 1éft tegmen, showing’ separated patches of striae, 122 {arrows point to enlarged:
views, X317, of respective groups:of striae; 41, same as Fig. 407, right tegmien.- 42-43, @ from Vietoria; Njansa; |
patch 1 on left (42) and right (43) tegmina, X317 44-45, 'same as 42-43; patch 2 on left (44). and right {(45)
tegmina, X317 46-47, ¢ from Ruanda, Terr. Shangugu, Dendeézi; patches on left (46) and. right (47) -tegmina,

S ¥16. 48-52-—5tridulatory “structiires on tegmina ‘of Oxyholoa sp. (probably O. férreti). 48, & irom: Ethiopia;’
Gt " part of left teginen, showing separated ‘patches of strine, % 123 (arrows point 10 enlarged views, %317, ofi respective

patches). 49, samie as Fig. 48, right: tegmen, 50-51,: @ from.Ethiopia} 2 of several aberrant. patches on left tegmen;
52, same as Fig. 50-51; right tegmen, showing 2 patches, X123 (arrows. point to enlarged views, )("3_17,‘of.‘st:iae)..
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oF th iegmlna o Cd'tam anc[

Panchlormae

Nanphoetd rincis: 1954), and for this>réason- we’
place the: formier 2 genera: in'the: Oxvhaloinae also.
The  siriag ing the-stridulating structures ‘ap-

' pear ‘to Rawv

mina, - (Fig.” 32), Although the' tegminal’ striae’ of

‘Oxyhaloa (Oxyhalomaf:) and Panchiora (Panchlorl—.
nae) look quite. differetit: from those found: in other
" genera of Oxyhalsinae (ie., Naupkoem Leucoplmea :
and. Hemchoufedema) they also: appear: to: have ©
evolved:” as’ 'mod1ﬁcat10ns of the tegmmal surface:'_'

sculpturing..

Laconiotor, feedmg, and c§earung movements have”

‘been suggested as having led' to fr ictional “stridifla~

tory mechamsms in ingects (see review by Haskell, :

1964), We suggest that in certain species of blaberid

cockroaches; :struggling” movements made by the in- .
sect when it was seized by a predator led to the for-- =

mation- of ‘a spec1ai1zed sound-producing * apparatus
on the pronotum. and tegmina. ' In. the Hemiptera

“the chance production. of sounds by: the movement
of one ‘part of the" body. over -anothercould have -
developed on' the one hand into 4 deterrent to’ preda- -

- tors; and on the other into a means of ensuring the
meeting of the sexes.” *(Leéston and Pringle 1963.)

SouND PRODUCTION TN BLATTARIA -

5 g finglight linés that’ appear o be str
d left: tegrnina 'of @, showing: sonie of thie fidges : (arrows): below the costaI vems' ->(13/
zion; of 1eft egmen of 3‘, showmg severa] th1ck ralsed rldges X137 - e =

f-atr through abdommal- .
4 iri the. Panchloroid: complex.
Fithin: ‘this - compléx; ‘these mecha- .
nists ‘are represented only in the Oxyhaloinae and "
Nuouphoeta, -Leucophaea, Oxyhalod,
and Gmmphadorhma-are ‘all members of ‘the 'Oxy-.-
haloinae’ (McKﬂ:trmk 1964). ‘Henschoutedenia: and -
Iagrehma weére orlgmaily split’ off: from " the genus. .

evolved ‘as’ thickenings' or modifica-.
tions of the’ reticulate: scuiptunng of - the  siurface o
which; they are- found . This - ‘condition ~is: especially -
notlceab?e iniareas where ' the: striations  gradually-
merge: into: the sculpturitig of the surfaces of the teg-

Slowita.: 53 Catara rugosicollis. & ¢ 'small area of pi

{‘present in ‘adult cockroaches, they occur’in’ both sexes.
CAny’ hypothes1s concerning. the: evolution: of” stridula-

equally developed stridulating structures in both male

is’ no. experimental.; eviderice: for this’ hypothesis

" (Hartmiari and Roth 1967b). Tt is probahle that these

U devices: for sound prodiction originally served a non-
 sexual’; funct1on——p0551b1y they- played. a“role in de-
~fense against predators Only a refatwely small part -
‘of the stridulating area is used by Leucophaea. when ©
--"protestmg” (Vosseler. 1907) and: Nauphoeta prob-

< ably-uses” évert less when stridalating during coirt-
ship; When Nauphoem is physmally restramed its.

'struggles ard, pronotal ‘inovements  aré vigorous-and

‘more str1dulat1ng suiface is used in producmg sound”

thait’ diiring: ¢oitrtship ; this probably accounts:for the

_bearmg pronotal stria-in Henschoudeteitia. (F1g 25)

and  Naupliceta there has been a, reduction in: the‘
stridulatitig surface atrea-on the pronotuim.

“and- it is likely. that the tracheal sound apparatus also

" evolved as a:defensive mechanism, The expulsion of.

-air - throngh: the second abdominal - spiracles. could
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455, Gislenia ditstralica;’ 54, prox1mal'.

:._When h1gh1y developed strzdulatmg Stitietires are. ._

‘tion in the Blattaria must account for the presence of

cand. female: : Although it has been suggested that’ the x
“femalés “of “some. Blaberrdae ¢mploy: sotnd. to main-
tain the mother-young group: (Dumortier 1965); theie.

greater "intensity of ‘the disturbance’ sound ‘as. com-
: pared’ with-that ‘made- duting courtship. “The: area °

“i considerably ‘greater than that ‘found in the otlier
-'Oxyhaiomae ‘examined; :this ‘may- represent a’ more
“primitive ¢ondition and suggests ‘that. i’ Leucophaea“- :

G?’omphadorkma nymphs and-adults produce sound 2

have been associated with ejection of defensive com- -
- pounds. Barth. (1961) claimed that an odor was as-.
sociated with sound” production it G. portentosa but == -
Dumortier (1963} could not confirm this hypothesis’ .




(persion “of “the  pheromione. " M
. punctate, which raise the tegimina-and beat the wings
- against the abdomen; would: appear to have the most.
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m G, bm:mem In D. ptmctata quinones used in’de-

fense are ejected from the second abdominal spiracles”.
_ (Roth and Stay 1958, Eisner 1958) When Diplog-
fera is anesthetlzed it ejects its quinones and we have .
heard a weak: squeaking sound produced (apparently
originating - from the second - abdominal- spiracles)
“when this ocetirs. Whén' seized, Leucophaea gives

off ‘an - offensive odor which eriginates froin. glands

] ._ emptyitig into " the second abdominal - spiracle - (Roth

and: Stay  1958) ; ‘this cockroach’ may also stridulate

at this.time.” Pumphrey’ (1955, in Dimortier 1963) -
suggested that the ‘combination of sound produiction

with the sirhultanéous release of an irritating chemi-
cal may cause the predator to associate’ a sound with -
"anunpleasant ‘experience; this could’ fesult in’ sound
“alone - eventua.lly becoming . an “efféctive’ -predator:,

deterrent. Diumortier: (1965): queshons the value of
hissing by Gromphadorhma as'a means ol protection
from’ natural ‘predators. . ‘Although™a . dog. retreated

. drom ‘a. hissing (.. porteniosa. (Roth, in.Dumoitier
" 1965) ‘Dumortiet dismisses’ this observation because
the dog does not normally feed on’ this' cockroach.
. He observed  that-a‘ kinkdjou and some . jays ate: .
. Gromphadorhing. in spite of hissing,. However, nei-. -

ther the kmka_]ou (South American) nor jays, thoigh

.. both are carnivorous, could: be. considered nateral’
L predators of this cockroach since théy do not occur

in Madagascar. - In this connéction, it is knowti that

even chemical defensive mechanismis may" “he effective -
© against- some predators bt not: others *(Roth- and
Willis: 1960).: A study of: the -ecology of Grempha-

dorhina ‘may teveal the presence of predators in its

. environment. which are detetred:by the h:ssmg sousnd.

- made by members of this genus. .

. How 'has  stridulation - evolved' as 'a - behavmral_ '

mechamsm for courtshlp i the males of N. cinerea?

: Tremblmg or v;bra.tory movements are characteristic .
of- strldula,non in Na%pkoeta “This type: of. behavior.

_ is not . uncotiimion - in- species’ of ; blaberids that fack,

- stridulatory ' structures, ‘particularly when courtmg_'

" males are *confronted with' an -nnreceptive: female,

Thé vibratory niovéments of ‘males of Blaberus gigan-- -

teus and B, crawiifer Becomie coftinuous’ atid vigorous

if the female is unreceptive (Barth 1961): Males of. .

- Byrsotria  fumigaia pump :the ‘abdomen’ and’ wings"

prior to full wing raising dursng courtsh1p Should
thé female be unreceptive, the wing pumping may be
continued for seéveral minutes -(Barth. 1964). Com-
parison of the behavior patterits made by -different

. species . suggests  that' the ‘various "wing and body
© - movemnents madeé during couitship could be associated .
with” dissemination. of a pheromone used to induce.

the female to mount the male; and thus maneuver her

itito the proper position for _copulation. The thove-

ment of the abdomen against the wings miay first

serve ‘to transfer niale’ pheromone from the terga 10 .
.- the wings and when the wings are ﬁnally taised dur-

ing courtship or are fluttered, there is a ‘greater dis-

effective means of disseminating a phéromone. ..

‘the..verge of  becoming . receptive..

. “Disturbance™ "'.s'ou_né pro-

Males * of - Diploptera

[Vol. 60, Noi 4

I N cmerea the male stridulates durmg courtshlp,
usually if the female is unreceptive. Stridulation appar-+
ently has evolved in Nauphoeta males as a means of
promoting receptivity in- the: female:  Yet: we: have
been wrtable to show that male stridulation influeénces
a nonreceptive female’s behavior. Perhaps the female:
responds to the male’s stridulation only when it is ou
‘Skinner - (1966). .
stated that “Useéless structures with associated useless

" funictions: are as inevitable as superstitions . [‘ritualis-

tic’] behavior.” ‘Perhaps ‘male: courtship: stridulation
by Nauphoeta is a-useless function now' and it may’
tepresént a- stage of ‘evolution priof:to 1ts becommg
sexually meaningful'to the female; BRE

Our hypothesis-of how courtshlp strldulatmn has'
evolved i the male of N cinerea may be summarlzed '

© as follows

.'Ma!es' and'Females P T Males™ e

Vlbratory movements of' .
the body, wing and -ab-
dominzl pumping associ-
ated with dispersal of a’
pher‘omone : : o

TUncoordinated - struggling
movements - made  when
‘seized -by a- predator ;- de-
fensive secretion.ejected; -
stridulating apparatus ab-
sent i

Pronotunr rubs . against™} .  Coordinatéd.  rhythmic .
tegming, Striae. develop | - movements . of - the pro-
on those parts of prono- notum  against the teg-
“tumiand: tegmina - that mina during courtship
are rubbed together e 1 :

- Stridulation . when - court-
duced in.conjunction with © " ifig nofireceptive females -
a defensive secretion:. . S L
' Ll
|

' B B
“D:sturbance" 'sound pro-.
. duced for defense -

_ 'In P.cmchlom nweclth'ere may bé no -di,soe.fniblé pfé-_
liminary ‘courtship by the male if the female is recep-". -

tive. However, if the female is unreceptive, the male =

behaves . differently-and - pérforms vibratory - move-
ments (Roth ‘and Willis . 1958). . Interestingly, the
male of P.:'irrorats performs vibratory: movements
prior to “sticcessful mating  with a ‘receptive female

{(Willis' 1966). This fact. suggests- that sounds' or:

vibration of the substrate. (see. followitg). niay. be

“involved in. releasing the female’s: sexual: behavior.

In both P. nivea and P. irrorata, the female does not
feed on the male’s terga prior to copulation; the male
backs into the female to make connection,.and there .
is* no’ male tergal . secretion. Pamnchlora - probably
evolved from a stock in which the males produced &
tergal secretion. and: this genus may represent a-
group- in which the pheromone Has been lost, but the
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males have retamed the: v1bratory movements wh1ch.

may have sexual meaning to the female, .

In. Lencophaca maderae the female is ‘attracted: to-

the - male. by odor. (Smyth: 1963, Roth and  Barth

1967); but males may vibrate the body and. tap the-
substrate” even when ‘isolated... This type: of -sound
production” (as’ well as: stridulation’ in Nauphoeta).-"

could hive been the. forérunner: of acoust;c calling.”
devices to attract the female:-

The fact that Nauphoeta cinerea, stﬂdulates dur;ng
courtship tends to: support Alexander’s (1956) hypo-
thesis regarding the evolution of stridalation. - In-dis-

cussing the evoliition ‘of air-transmitted vibrations in:

the Ensifera’ {Tettigoniidae, Gryllidae, Gryllacridaé,

and. Prophalangopsidae),- Alexander. suggested. that.
subistrate-tiansmitted vibrations “produced: by stridus’
lation or, body-jerking. wiis an intermediate stige be- '

tween - propriocefition and" perception . of ‘air-borne

sound. He ‘stated. that “some. of the “structiral and"
functional Precursors - of tégminal stridulation: must:
have been present ‘in ‘the - comnion | ancestor: of - the_

Ensifera’ evér - since "divergence. from cockroaches.”

Heé also.conclided that “4egrminal stridulation becarie -
acoustically effective as a 51de effect -of comimunica-~
tive. vibrations and. established the sélective corifext,
for the later appeara.nce'of anditory function in pro-.:
~Stridulating . structures -

prioceptive tibial organs.”
and stridulation in the Blattarxa have heen. found de-

finitely only in the highly evolved 0v0v1v1par0us Bla< -
beridae- (Oxyhaloinae and: Panchlorinae) “aid  they
In Ensifera tegminal -
stridufation, hoth tegmina rub against each other to]

are probably: late acquisitions.

produce  sound: . In cockroaches, the mechanism - dif-

fers in that the pronotum rubs against the tegmina. ..
. Haskell (1955) showed that some of the energy re- "
suiting from stridulation. by a grasshopper  passes
through the substrate either as acoustic .energy or. -
energy: resulting irom’ vibration of . the:body at the- R

time- of stridulation:. Considerable’ energy is directed

toward. the substrate by a4 stridulating N. cinereq. -
No known auditory: organs;. like. .
those found in the Ensifera, have been.desc¢ribed in.

male - (Fig.. 14).-

cockroaches. Blattella germonica has subgenual.-or=

gans i the tibia of each leg (Graber 1882); ‘and -

Autrum (1963 showed that sipilar organs in Peri-
planeta americana (L) are -extremely . sensitive. to

substrate vibration,. It is likely that. N cinerea and
other . stridulating . cockroaches. can detect sounds! im:
this manner,. Pumphrey (1940) suggested that tibial*

chordatonal ‘organs- developed as receptors for vibra-

tory. stimuli transmitted through the substrate, before .
the evolution' of a tympanic membrane rendered thern-

sensitive to all‘ borne sounds. :

Qur ideas:concerning the functional s1gmﬁcance of"

sound production by cockroaches are based:upon.lab-

oratory chservations. Field observations are unknown . |

and are sorely needed to compiete our unde1 standing:
of this phenomenon : R .
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